We previously reported decreased mean CBF between consecutive resting conditions, ascribed to ha bituation. Here we address the regional specificity of ha bituation over three consecutive flow studies. Regional CBF (rCBF) was measured in 55 adults (12 right-handed men, 12 right-handed women, 14 left-handed men, 17 left handed women), with the 133Xe inhalation technique, dur ing three conditions: resting, verbal tasks (analogies), and spatial tasks (line orientation). Changes in rCBF attribut able to the cognitive tasks were eliminated by correcting these values to a resting equivalent. There was a progres sive decrease in mean rCBF over time, reflecting habitu ation. This effect differed by region, with specificity at frontal (prefrontal, inferior frontal, midfrontal, superior frontal) and inferior parietal regions. In the inferior pari etal region, habituation was more marked in the left than
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We previously reported a decrease in regional CBF (rCBF) between two consecutive resting mea surements embedded within other conditions (Warach et al. , 1988) . We interpreted this decrease as consistent with habituation to the experimental setting because the decrease was greater initially in a series of measurements than when they occurred later. Also supporting the notion that the effects were due to habituation, the effect was greater the right hemisphere. Right-handers showed greater ha bituation than did left-handers. There was no sex differ ence in global habituation, but males showed greater left whereas females showed greater right hemispheric habit uation. The results suggest that habituation to the exper imental setting has measurable effects on rCBF, which are differently lateralized for men and women. These ef fects are superimposed on task activation and are most pronounced in regions that have been implicated in atten tional processes. Thus, regional decrement in brain activ ity related to habituation seems to complement atten tional effects, suggesting a neural network for habituation reciprocating that for attention. Key Words: Attention Cerebral blood flow-Frontal cortex-Habituation Handedness-Parietal cortex.
when two subjects familiar with the experimental setting (the laboratory technicians) were excluded from analysis. Females showed a greater habitua tion than males, consistent with similar sex differ ences in habituation reported with other psycho physiological techniques.
Two questions were not addressed in the previ ous report: Is an effect of habituation evident when task conditions are imposed? Is there a regional specificity to the habituation effect? In the present study, rCBF was consecutively determined during resting baseline and two different task conditions.
Cognitive task introduces a novelty to each mea surement and might be expected to reduce the mag nitude of habituation. If a decrease in rCBF unre lated to cognitive task is nonetheless present, it would suggest that an independent effect of habitu ation is superimposed upon task-specific patterns of rCBF activation. The previous study found no evi dence of regional specificity to the effect of habitu-ation. One reason could have been the small sample size employed (15 subjects). The present report is based on 55 subjects.
Since habituation involves a decrease in orienting to novel stimuli, the literature on regional localiza tion of attention is pertinent. Mesulam (1981 Mesulam ( , 1990 has proposed a cortical network involved in di rected attention. The four components of this net work include the posterior parietal cortex, frontal cortex, limbic structures, and a reticular compo nent. Lesions of parietal or frontal cortex can result in the syndrome of unilateral neglect (e. g. , Heilman and Valenstein, 1972; Ogden, 1985) . Evidence that the right hemisphere is dominant for attentional functions includes observations that (a) hemineglect follows right hemispheric lesions (e. g. , Ogden, 1985; see review in Mesulam, 1981) ; (b) the right hemisphere directs attention to both halves of ex trapersonal space, whereas the left hemisphere di rects primarily to contralateral extrapersonal space (Weintraub and Mesulam, 1987) ; and (c) rCBF (Ro land, 1982) and cerebral metabolism are preferentially increased in the right pari etal lobe during tasks requiring sustained attention.
METHODS

Subjects
The subjects were 55 normal, young volunteers (12 right-handed men, 12 right-handed women, 14 left-handed men, and 17 left-handed women). This is a subsample of the 62 subjects reported in Our et al. (1982) . Seven of these were eliminated because they had inadequate data for more than two detectors (Our et al. examined hemi spheric and not regional data) and five additional subjects were eliminated because they overlapped with the sample reported in Warach et al. (1988) . Five new subjects stud ied under identical conditions were added to the sample. SUbjects had no history of neurological or psychiatric dis ease. Ages ranged from 18 to 25 years (mean ± SD 20.4 ± 2.1 years).
Procedures
Measurements of rCBF were made using the l33Xe in halation technique as previously described (Obrist et aI., 1975; Wilkinson, 1985, 1990) and applied in our laboratory (Our et aI., 1982 (Our et aI., , 1987 (Our et aI., , 1988 . rCBF was measured by eight homotopic pairs of collimated N aI crystal detectors, held in place by a helmet and oriented at angles perpendicular to the skull. The approximate lo cation of the tissue viewed by the detectors is illustrated in Fig. 1 . A trace amount of l33Xe in room air was inhaled for 60 s, followed by 14 min of breathing of room air. End-tidal 133Xe concentration was determined by contin uous recordings of the exhaled air, while brain clearance of the isotope was monitored by 16 collimated detectors. A least-squares fit of the clearance curves was performed by a two-compartment deconvolution, using end-tidal 133Xe as an input function Wilkinson, 1985, 1990) .
There were three determinations of rCBF conducted within a single session. The integrity of rCBF measure- ments was evaluated for absence of artifacts and ade quate count rates, curve fits, and estimation of end-tidal carbon dioxide levels. Particular attention was paid to the possible influence of air passage artifact, including pre cautions to eliminate artifactually contaminated detectors and the use of the method of Obrist et al. (1975 Obrist et al. ( , 1990 for start fit estimation. Continuous capnographic recordings provided an estimate of Pc02• Each study was separated by 15-20 min to ensure that background activity was at acceptable levels «10% of peak counts). Linear back ground correction was performed for the first study and a monoexponential correction of residual activity was used for subsequent studies (Obrist et aI., 1967; Risberg, 1980) . Careful evaluation of the integrity of the exponential fits was assessed. Background counts were recorded at 5-s intervals for 100 s prior to the administration of 133Xe. For detectors that yielded background parameters that were clearly aberrant (half-times < 10 min or >300 min), background subtraction was based upon the mean half times of acceptable background values for that rCBF measurement.
The order of conditions was randomly counterbalanced across subjects (Latin-square design). The conditions were resting baseline, verbal tasks (analogies), and spatial tasks (line orientation). A detailed description of the rest ing baseline condition and the tasks and their effects on rCBF is in Our et al. (1982) . Briefly, in the resting con dition, the subjects were not deprived of visual or audi tory input. However, ambient illumination and noise were restricted to minimal levels necessary for the oper ation of the laboratory. Subjects were instructed to relax but remain awake with their eyes open. For the cognitive tasks, subjects were instructed on how to perform using standard procedures, and a set of practice items verified their understanding. Since subjects were studied in a su pine position, the stimuli were projected onto a screen on the ceiling, and subjects indicated their answers with a bimanually operated flashlight. Instructions as to the na ture of each condition were presented during the 20-min period prior to the study. The laboratory technicians were both men.
Data analysis
The rCBF index used in this report is Fl, the fast flow compartment Wilkinson, 1985, 1990 ). This parameter was chosen over the initial slope (IS) since it provides a more direct estimation of gray matter reBF than the noncompartmental IS. Instability of F} in the presence of slippage (overlap between the fast-and slow clearing compartments in patients with brain lesions) is not an issue in this sample of normal young adults. Values for deleted detectors were estimated by BMDPAM using a stepwise procedure and all values (Dixon et aI., 1985) . The data were corrected for Pe02 by 3.5% per millimeter mercury difference from the average Pe02 of the three measurements for each subject. There were no sex or handedness differences in Pe02 (Table 1) ; however, the results were analyzed both with and without Pe02 correc tion, yielding the same effects. In Results, the Pe02-corrected values for reBF will be reported.
The data were adjusted to remove effects specific for cognitive activation in the following manner. For each sex and handedness subgroup, a correction factor for each task was computed as the ratio of the mean of rest ing to mean of the verbal or spatial condition in each region. The correction factors were multiplied by the reBF values for the cognitive task to produce a trans formed data set in which task-specific effects have been eliminated and values made equivalent to resting condi tion.
The results were analyzed in a multivariate analysis of variance (MANOV A) design, with sex and handedness as between-group factors and time (first, second, third reBF determination), hemisphere (left, right), and region (1-8) as within-group (repeated-measures) factors. An MANOVA model was utilized (BMDP4V; Dixon et aI., 1985) according to the recommendation of Vasey and Thayer (1987) , since this avoids the likely violation of the sphericity assumption inherent in a repeated-measures ANOV A performed with a univariate model. Significant interactions were decomposed using the simple effects option on the BMDP4V MANOV A.
RESULTS
There was an overall effect of time: Mean rCBF decreased progressively with successive determina tion (F[2,50] = 4.57, P = O.OIS) ( Fig. 2; Table 2 ).
Although the magnitude of decrease was somewhat greater in men than women, the interaction of time x sex was not significant (F[2,SO] < 1). There was a significant time x handedness interaction (F[2,SO] = 3.39, P = 0.042); right-handers showed a signif icant decrease with time (F[2,SO] = 6.13, P = 0.004), but left-handers did not (Fig. 3) .
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Time X Hemisphere X Sex Habituation to monitoring the environment may have contributed to the rCBF results, but not atten tion directed to task-related stimuli.
We did not replicate our earlier report of sex dif ference in habituation to consecutive resting mea surements, females showing greater decrement (Warach et aI., 1988) . Two reasons may account for this discrepancy: (a) Two of the men in the small sample of the previous study were familiar with the TIME X REGION I TIME 1 TIME 2 TIME 3
Region 7
Region 8 TIME 1 TIME 2 TIME 3 TIME 1 TIME TIME 3 reBF DETERMINATION Males showed a greater left than right hemisphere decrease in rCBF with time, while females showed no significant difference. This may indicate sex dif ferences in hemispheric specialization for habitua tion, perhaps reflecting a greater lateralization of vigilant (i.e., non habituating) functions to the right hemisphere in males. Alternatively, it could be due to sex differences along psychological variables known to affect habituation [e .g., the perception of stimuli as noxious (Kopacz and Smith, 1971) or dif fering gender combinations of experimenter and subject (Fisher and Kostes, 1974) ].
Our results are perhaps the first report of a hand edness difference in habituation, right-handers showing a greater decrement in rCBF than left handers. There is some evidence that left-handers (Lacroix and Comper, 1979) and right-handers with familial sinistrality (Ketterer and Smith, 1977) show lateralized patterns of skin conductance responses to verbal or spatial stimuli that differ from those in right-handers.
It is possible that decreases in subjects' level of anxiety contributed to the global effect observed here. Anxiety level has been shown to affect rCBF, with low anxiety positively related to rCBF and high anxiety inversely related (Gur et al., 1987 . Anxiety was not assessed in the present sam ple, but it is unlikely to explain the consistent de cline in rCBF.
Habituation in the mammalian brain is considered to represent an active neural process rather than a fatigue-like phenomenon (Sokolov, 1963; Time X Hemisphere for Region 6 Mesulam provided thoughtful comments on the manu script.
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